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Early patterning of the anterior–posterior axis is achieved
primarily by a family of homeobox genes, the Hox genes.
The Hox genes are organized in clusters, and the gene order
along the cluster is the same as their order of expression
along the anterior–posterior axis, and the sequence of their
activation during early embryogenesis. This connection
between cluster organization and temporal and spatial
expression has been termed co-linearity. The regulation of
co-linearity has been the focus of intensive research. The
caudal-type genes, the Cdx genes, are candidate regulators of
Hox co-linearity. The Cdx genes are activated just prior to the
onset of gastrulation taking a caudal position as the embryo
elongates. Changes in Cdx activity result in changes in Hox
expression patterns. Manipulation of Cdx1 levels changes the
timing of HoxC8 activation, demonstrating that Cdx1 activity
is required for the timely initiation of HoxC8 expression.
Through mutation analysis we identified three pairs of Cdx
binding sites. We show that, these sites are bound in vivo by
the Cdx1 protein at the time HoxC8 is activated in the
embryo. Analysis of HoxB1 activation during gastrulation
also showed a Cdx1 requirement, which translates into an
abnormal timing of activation as a result of Cdx1 manipula-
tion. These results place theCdx genes as early activators ofHox
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REEP (receptor expression enhancing protein) 4 was
identified in the course of a functional antisense morpholino
oligonucleotide (MO) screen searching for genes involved in
the early development of Xenopus tropicalis. Knockdown of
this protein in both X. tropicalis (using two non-overlapping
MOs) and X. laevis causes embryos to develop a kinked body
axis and to be paralyzed. REEPs are highly conserved among
vertebrates and contain a TB2/DP1, HVA22 domain involved
in intracellular trafficking and secretion. Consistent with this,
REEPs1 and 3 have been shown to function in intracellular
trafficking, enhancing the expression of odorant and taste
receptors in mammals. At the tailbud stage of Xenopus
development, REEP4 is strongly expressed in somites and
weakly in the neural tube, although at later stages neural
staining becomes stronger. Overexpression of a GFP-tagged
form of the protein localizes to the cytoplasmic membrane, but
neither this construct nor untagged versions of REEP4 cause
any defects in development. Paralysis in embryos lacking
REEP4 might be caused by defects in the nervous system or in
muscle development. We have examined the expression of
Islet1/2 (to mark motor neurons) and 12/101 (to label muscle)
at tailbud stages and found that while expression levels of
Islet1/2 appear relatively normal, muscle development is
impaired. However, there is a reduction in Islet1/2 expression
at later stages. We are currently investigating the effect of
losing REEP4 on muscle gene expression, asking whether its
loss affects predominantly slow or fast muscle and investigat-
ing its mode of action.
doi:10.1016/j.ydbio.2007.03.597
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Voltage gated calcium channels are heteromeric complexes
comprised of a pore forming alpha1 subunit and several auxiliary
subunits. The beta subunits (beta1–beta4) chaperone the alpha1
subunit to the membrane and modulate the gating properties of
the calcium channel. Mutations in the beta4 subunit lead to
ataxia, lethargic behavior and seizures in mice and have been
associated with epilepsy in humans. Since known mutant alleles
of beta4 are not embryonic lethal, the functions of the beta4
protein in development are unclear. Zebrafish have two beta4
subunits which encode 5-domain proteins similar in structure to
the human beta4 subunit. These genes are expressed ubiquitously
before gastrulation but later become restricted to distinct regions
in the developing central nervous system and heart. Targeted
knockdown of beta4 genes bymorpholino leads to arrest or delay
of epiboly, accompanied by cell death along the blastoderm
margin and embryo death. This unusual phenotype can be
rescued by injection of wild-type beta4 RNA into the yolk
syncytial layer (YSL). The YSL nuclei in beta4 morphants have
abnormal size and distribution, consistent with defects in mitosis
and nuclear attachment to the cytoskeleton. Injection of excess
beta4RNA leads to gain-of-function phenotypes that also perturb
epiboly. Since a requirement for calcium channel function has not
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been found for pre-gastrula embryos, the beta4 gain and loss-of-
function phenotypes suggest potentially novel roles for the beta4
subunit that may involve the cytoskeleton.
doi:10.1016/j.ydbio.2007.03.598
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Many experiments have demonstrated that patterning
information in the sea urchin embryo is distributed throughout
the ectoderm. These spatial cues are passed onto the mesoderm
to correctly pattern the bilaterally symmetric larval skeleton.
Previous data have shown that exposure to metals (such as nickel
and zinc) can disrupt patterning information within the
ectoderm, presumably due to their ability to interfere with
calcium transport, resulting in mispatterned embryos with
radialized skeletons. To test the hypothesis that the proper
distribution of skeletal patterning information within the sea
urchin ectoderm is dependent on calcium signaling, we treated
embryos with an inhibitor of IP3-mediated calcium release,
Xestospongin C. Our data show that Xestospongin C exposure
disrupts ectodermal patterning, producing embryos with radially
symmetric skeletons. Normal skeletal patterning in radialized
embryos can be rescued by treatment with the calcium ionophore
ionomycin. More intriguingly, radialized embryos can also be
rescued by surgical bisection along the animal–vegetal axis at
the mesenchyme blastula stage, followed by recovery in the
presence of calcium. However, simply removing calcium from
the environment during recovery was sufficient to block the
rescue of skeletal patterning in bisected radialized embryos.
These results suggest that it is not the wound healing process
itself, but rather the presence of calcium, which is responsible for
the rescue of patterning. Together, these data reveal a critical role
for calcium signaling, not directly for skeletogenesis but rather
for the distribution of skeletal patterning information throughout
the sea urchin ectoderm.
doi:10.1016/j.ydbio.2007.03.599
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Across a range of species much of embryonic development is
dependent upon signals that act at a distance from their source.
Many of these signals are thought to be morphogens, secreted
molecules that form concentration gradients across tissues. At a
given position in the gradient, the cellular response depends
upon the morphogen concentration at that given position. In
vertebrates such as the frog Xenopus laevis, much work on
morphogens has focused on how members of the TGF-b
superfamily, including Activin and Xnr1, 2, 4, 5 and 6, can act
as morphogens in mesoderm induction. In such early embryonic
tissue, these ligands have been shown to induce mesodermal
response genes in a concentration-dependent manner. In order
to study the progression of TGF-b morphogens we took
advantage of a recently published technique called “bimolecular
fluorescence complementation”, BiFC, which was designed to
analyse protein interaction in vivo. This technique was adapted
in our lab to the frog system to enable the observation of Smad-
signalling pathway activation as a direct response to Activin like
ligand binding. We were able to visualize in real time the
expected long-range activation of the Smad pathway in
response to Activin and Xnr1 but not for Xnr2 signalling. At
present we are investigating the role of several possible players
in TGF-b morphogen progression and signalling. The quantity
of ligand–receptor bindings as well as endocytosis seems to be
important for the morphogen signalling range.
doi:10.1016/j.ydbio.2007.03.600
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Somites arise as the result of a complex process that takes
place in the early vertebrate embryo: a seemingly uniform field
of cells is organised into discrete blocks via a mechanism
which is tightly regulated both in space and time. Various
experimental results have shown the existence of a wavefront
of gene signalling along the vertebrate embryo, which, coupled
with a segmentation clock, is able to gate cells through to the
final stages of somitogenesis. We use a signalling based
approach, with cues from the wavefront and the segmentation
clock, to mathematically model somite formation. Our model
produces a somite pre-pattern that is tightly controlled both
spatially and temporally. Moreover, it is capable of reproducing
the results observed in vivo when progression of the wavefront
is disturbed by local FGF8 application. We are also able to use
the model to make predictions about the somites arising with
other types of perturbation, such as down-regulation of FGF
signalling.
doi:10.1016/j.ydbio.2007.03.601
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